Background-Giant cell myocarditis (GCM) typically causes fulminant heart failure,
Introduction
Idiopathic giant cell myocarditis (GCM) is a rare cardiac inflammatory disorder that is characterized by diffuse infiltration of the ventricular myocardium by lymphocytes and abundant multinucleated giant cells, frequent eosinophils, cardiomyocyte necrosis and, eventually, fibrosis.
Functional consequences of myocardial injury are similar to those seen in lymphocytic/viral myocarditis, including ventricular dysfunction and electrophysiological abnormalities, although these are usually much more severe in GCM.
Most patients with GCM present with acute fulminant heart failure. Ventricular arrhythmias and heart block also occur commonly, and occasional cases may present with symptoms mimicking acute myocardial infarction 1 . The natural course is rapid and mortality is high if left untreated, with an average transplant-free survival of <6 months. Ventricular assist device placements and immunosuppressive regimens, including high-dose steroids and cyclosporine, have modestly improved the prognosis in GCM, with an average transplant-free survival of >12 months. Nevertheless, many patients still eventually require heart transplantation 1 .
GCM has been reported in association with autoimmune and neoplastic disorders such as inflammatory bowel disease 2, 3 , systemic lupus erythematosus 4 , Sjögren syndrome 5 , myositis 6 , and autoimmune hepatitis 4 , as well as thymoma and myasthenia gravis 6, 7 . These support an autoimmune etiologic role, although auto-antigens in GCM remain poorly defined. Animal studies indicate that a T lymphocyte-mediated immune response to anti-cardiac myosin antibodies may be involved 8, 9 , although these antibodies are not specific for GCM 10 .
Experimental evidence of a key role for T lymphocytes has provided rationale for using muromonab-CD3, a monoclonal antibody targeting T lymphocytes, as a treatment in ymptoms mimicking acute myocardial infarction 1 . The natural course is rapid a a and nd nd m mor o orta ta tali li lity ty ty i is high if left untreated, with an average transplant-free survival of <6 mont f f hs. Ventricular assist de evi vi vice ce e p pla la lace ce c m m ment nt nts s s an a d immunosuppressive regi im me m n n ns, including hi hi high-d -d dos os ose steroids and cy ycl cl los o porine, ha have ve ve m mod od o e es estl tl tly y y im im mpr pr rov ov oved ed d t th he p p pro o ogno os osi is in n n G GCM CM CM, w w wit th h a an n av v ver erag ag age e tr tra an ansp sp s la la l nt nt nt-f -fre ree e e u urv rv rviv iv ival al a o of f f >1 >1 >12 2 mo mo mont nth h hs. N Nev v ver erth th thel el ele es ess, s, , m m ma a any ny ny p p pat at a i ie en nt nts st stil il ill l l e ev even en entu tu ual al lly ly ly r req eq equi uire re e h h hea ea e rt rt rt ransplantatio on n n 1 1 1 . . combination with high-dose steroids and cyclosporine. Results of several case reports and trials of muromonab-CD3 therapy have been encouraging but variable [11] [12] [13] . Despite improvement in treatment approaches, morbidity and mortality remain high.
GCM is a distinctly uncommon disorder. Even rarer are cases with atrium-predominant involvement. Atrial GCM (aGCM) was first described as a case report in 1964 14 . After nearly a half-century, it still remains a poorly understood condition, and, to our knowledge, only 6 cases have been reported since that time [15] [16] [17] [18] . Herein we describe 6 additional cases of aGCM and characterize their clinical, radiologic, and histopathologic features.
Methods
Six cases of aGCM have been identified in our pathology consultation practice at Mayo Clinic from 2010-2012. This study was approved by the Institutional Review Board. We reviewed pertinent aspects of the available clinical history for each case, including age, sex, underlying medical conditions (including autoimmune connective tissue disease, rheumatic heart disease, and sarcoidosis), cardiac history, surgical history, medication history, presenting symptoms, duration of symptoms, physical exam findings, laboratory results, electrocardiographic (ECG) findings, pulmonary function tests, and imaging findings including chest radiographs, echocardiography, computed tomography (CT), angiography, and cardiac magnetic resonance imaging (MRI).
Histology slides of cardiac resection or biopsy material from all cases were reviewed by two authors (B.T.L. and H.D.T.) and the original diagnoses were confirmed on sections stained with hematoxylin and eosin. The number of slides evaluated was tallied. Pertinent histologic features and patterns were evaluated, including the presence of giant cells, poorly-formed
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Gomori methanamine silver (GMS) and acid fast (AFB) histochemical stains were performed in all cases. In some cases, immunohistochemical stains were performed using a commercial platform (Benchmark XT, Ventana Medical Systems, Tucson, AZ) and primary antibodies directed against CD3 (Ventana, titer 0.45 μg/ml), CD20 (Ventana, titer 0.3 μg/ml), and CD68 (Ventana, titer 0.4 μg/ml).
Details of the hospital course were recorded in each case, including operations performed, post-operative course, complications (if any), medications and devices used, and duration of hospitalization. Follow-up information was obtained, including current functional status, symptoms (if any), ECG findings, current medications, and results from follow-up imaging studies.
Results
Among the 6 cases of histologically-confirmed aGCM, all cases showed strong clinical or histologic evidence of apparent isolation to the atrium with ventricular sparing. The median age was 67.5 years (range 42-73 years), and 4 patients were male. Clinical presentations varied, with 3 patients with chronic atrial fibrillation in whom aGCM was discovered at the time of elective maze/valve surgery, 1 patient with acute myocardial infarction and newly diagnosed atrial fibrillation in whom aGCM was discovered incidentally at the time of coronary artery bypass grafting, 1 patient with acute heart failure (HF) who underwent diagnostic atrial biopsies, and 1 and CD68 (Ventana, titer 0.4 μg/ml). asymptomatic patient with aGCM discovered incidentally at autopsy. Pertinent clinical details are summarized and compared with previously reported cases in Table 1 . Imaging findings, treatments, and outcomes are summarized in Table 2 . Case histories are discussed in greater detail below.
Case 1
A 42 year old man with a history of asthma, chronic obstructive pulmonary disease, and bipolar disorder, found deceased from unexplained causes, underwent postmortem examination.
Grossly, both coronary artery disease and cardiomegaly were evident. Mild biventricular dilatation was noted, along with a small patent foramen ovale (0.4 cm potential diameter). The remainder of the gross examination was unrevealing.
Microscopic examination of the heart revealed findings consistent with GCM involving the right atrial (RA) appendage and RA free wall. Extensive additional sampling failed to demonstrate GCM in other areas of the heart, including the left atrium, atrial septum, ventricular septum, and ventricular free walls (both left and right), or a giant cell process in other thoracoabdominal viscera. Evidence of chronic ischemic heart disease was also identified including interstitial fibrosis and cardiomyocyte hypertrophy in the left ventricle (LV) without plaque rupture or thrombosis of the coronary arteries.
Toxicological studies revealed critical serum concentrations of oxycodone, opioid metabolites, and benzodiazepines. Polysubstance overdose was listed as the cause of death.
Isolated atrial GCM was regarded as an incidental finding that did not directly contribute to his death.
Case 2
A 58 year old man with a history of hypertension and hyperlipidemia presented with progressive emainder of the gross examination was unrevealing.
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Case 3
A 65 year old woman with a history of asthma presented with a 6 week history of progressive shortness of breath and exercise intolerance. She had no prior history of cardiac disease.
Physical examination revealed elevated jugular venous pressure with prominent V waves, a soft pansystolic murmur at the left sternal border, a pulsatile liver edge, and mild pitting edema of the ankles, without other significant findings. Serum troponin I levels were within normal limits.
CT angiography of the pulmonary vasculature did not demonstrate pulmonary emboli.
Pulmonary function tests revealed a forced expiratory volume at 1 minute (FEV1) that herapy was not employed. His postoperative course was complicated by sick sin in nus s s syn yn yndr dr drom om ome, e equiring pacemaker placement, but was otherwise uneventful. His symptoms resolved within 2
we week ek eks s s a an and d d he he he w was as as d discharged home.
Four mo mon n nth hs hs l l la at a e er er, he he he r r rem emai ai a n ne ned d d a a asym m mp p ptom m ma at tic. F F Fol ollo lo l w w-w-up u up ech ch ho oc ocar ardi di diog o ogra raph ph phy y y sh sh show ow wed d ed m pe pers rs rsis is ste te tenc nce e e of of of l lef ef ft at atri ria al d dil ilat t tat a a io io ion n, n, a a a n no or orma ma mal l l LV LV VEF EF F o of 60 60 0-6 -6 -69% 9% 9%, , , an an nd d d no no n rm rm rmal al r r rig ig ight ht h v v ven en entri ic cu ul ular ar ( (R RV RV) function.
was 40% of predicted, forced vital capacity (FVC) that was 68% of predicted, FEV1/FVC ratio of 46, carbon monoxide diffusing capacity that was 50% of predicted, and moderate to severe airflow obstruction.
ECG showed T-wave inversion in leads V 2 to V 6 . Transthoracic and transesophageal echocardiography showed marked biatrial wall thickening, RA dilatation, severe tricuspid regurgitation due to failure of leaflet coaptation, pulmonary artery pressures of 32-37 mmHg, and normal RV and left ventricular (LV) size, without valvular vegetations. The LVEF was normal. Cardiac MRI confirmed these findings and also revealed tricuspid annular dilatation (Figure 1) . T2-weighted imaging demonstrated marked myocardial edema that was isolated to the thickened atria.
The patient was referred for tricuspid valve repair and diagnostic biopsies of both atria, each of which showed histopathologic findings consistent with GCM. She then received a course of methylprednisolone (500 mg daily for 3 days) and was subsequently discharged on prednisolone (30 mg daily) and cyclosporine (75 mg twice daily). At a follow-up visit 8 weeks later, she reported a return to nearly normal exercise tolerance. Follow-up cardiac MRI showed dramatic improvement with normal atrial wall thicknesses (Figure 2 ). One year later, her exercise tolerance remained normal with a gradual reduction in prednisolone and cyclosporine dosages, and she continued to do well.
Case 4
A 70-year-old man with a history of hyperlipidemia and diabetes mellitus presented to the emergency room with chest pain and was diagnosed with acute non-Q-wave myocardial infarction. ECG also showed atrial fibrillation, a new finding. He had no prior history of arrhythmia. Upon cardiac catheterization, he was found to have anterolateral akinesis with an he thickened atria.
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Two days later, the patient underwent coronary artery bypass grafting and a left atrial maze procedure, which included excision of a markedly thickened LA appendage. Histologic evaluation of the resected LA appendage showed incidental findings consistent with florid GCM.
Treatment was supportive and included anticoagulation therapy, and his hospital course was uneventful. At a follow-up visit 8 weeks later, he was asymptomatic, although he remained in atrial fibrillation.
Case 5
A 72-year-old woman with a history of chronic atrial fibrillation and severe mitral valve stenosis presented for elective mitral valve replacement and maze procedure because of progressively worsening exertional dyspnea and fatigue. Echocardiography demonstrated severe LA dilatation with a large LA mural thrombus, in addition to severe mitral valve stenosis and a normal LVEF of 60-65%.
Histologic evaluation of the surgically resected LA appendage revealed findings consistent with GCM. Treatment was supportive, and included anticoagulation therapy. Her postoperative course was complicated by a transient ischemic attack and respiratory failure on the first day, but these issues resolved and she was eventually discharged. At outpatient followup 6 weeks later, she reported resolution of dyspnea and fatigue, but remained in atrial fibrillation.
Case 6
A 73-year-old man with a history of coronary artery disease, chronic atrial fibrillation, and
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Pathologic Findings
Slides from all available heart tissue blocks were reviewed from each case (mean 5 blocks, range 1-21). Microscopic evaluation showed giant cells and interstitial lymphocytic inflammatory infiltrates, lymphocytic myocarditis-like foci, cardiomyocyte necrosis, and cardiomyocyte hypertrophy in all cases (Figure 3) . Other features included interstitial fibrosis (5 cases), poorlyformed granulomas (4), eosinophils (4), neutrophils (1), and vasculitis (1). GMS and AFB stains were performed in all cases, and no microorganisms were identified.
was not initiated.
Despite therapeutic anticoagulation, his postoperative period was complicated by mu mult lt ltip ip iple le le a a add dd ddit i itio ona na nal l l tr t ansient ischemic attacks ov v ver er e t the ensuing w wee ee e ks, , bu bu but t these eventually u ubs bs sid i ed and t the he he p pat tie ie ient nt t w was as as d d dis isch ch har ar arge ge ed d home me me. A A At h his s o ou outp tp pat t tie ien nt t f f fol ollo low-w-w-up up p e ev va valu luat at atio io ion n 8 8 we week ek eks fr rom om om t t the he h t tim im me e e of of in ni niti tia al al p p pre rese ent nt n at at atio io ion, n n, t th he he p p pat at ati ien n nt t t re re epo po ort t ted ed d a a a r ret t tur ur u n n n to to o ba ba b se seli li l ne ne e f f fu un unct ct tio io on. Immunohistochemical studies were performed in 3 cases, which documented the lymphocytic infiltrate in each case to be rich with CD3-reactive T lymphocytes, with fewer scattered CD20-reactive B lymphocytes, abundant associated CD68-reactive histiocytes and giant cells (Figure 4) . This constellation of microscopic findings is the same as that seen in vGCM 19, 20 . Pathologic findings are summarized in Table 3 .
Discussion
To our knowledge, this represents the largest series of patients in a single report with atrial ar are e e se se sepa parate e d d dis ise ea as se se p pr r roce cess sse es e a a and nd t t tha ha h t t t a aG aGCM CM M r rep ep pre e ese sen nt nts s a a di distin n nct t clin n nic co copa pa ath th hol olog og gic c c en nt ntit ity. y. An important limitation of most aGCM reports, including the present study, is the lack of direct histopathologic evidence of ventricular sparing from the inflammatory process and reliance on conventional clinical methods to diagnose an apparently atrium-limited disorder.
Cl Cl Clin in inic ic
Ventricular sparing in aGCM has been confirmed histologically in only 2 cases to date (Case 1 and one previously reported case 16 ), and the possibility of ventricular involvement in other cases cannot be entirely ruled out. However, these 2 cases confirm that true atrial isolation of the giant cell myocarditic process occasionally occurs. In our remaining cases, clinical and imaging features indicate that ventricular function was preserved, suggesting that ventricular involvement, if any, was minimal and clinically insignificant, and that the inflammatory process may have also been isolated to the atria in these patients.
Without timely diagnosis and appropriate treatment of vGCM, the prognosis is poor and patients rapidly develop hemodynamic deterioration. Fortunately, the prognosis in aGCM appears to be much better than that observed in vGCM. The present case series shows that the clinical consequences of aGCM are primarily related to atrial dysfunction, including atrial fibrillation/flutter, thrombosis, and cerebrovascular embolic events. These consequences may be mitigated by anticoagulation therapy, although an appropriate therapeutic range in this disorder has not been established.
Occasional cases are more severe, with acute biatrial dysfunction and secondary heart failure, and may require more aggressive intervention. Atrial wall thickening may be an echocardiographic clue in such patients, especially when isolated atrial edema is also observed on T2-weighted imaging. Although Case 3 displayed dramatic clinical improvement after immunomodulation with steroids and cyclosporine, to our knowledge this is the first patient with nvolvement, if any, was minimal and clinically insignificant, and that the inflam m mma ma mato tory ry y p p pro ro roce ce c ss may have also been isolated to the atria in these patients.
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The incidence of aGCM is unknown. Unfortunately, many institutions are not routinely submitting resected atrial tissues to pathology for evaluation, and other pathology departments are signing out these specimens after gross examination only. At major referral centers, estimation of incidence based on pathologic consultation material is subject to selection bias.
Despite these limitations, aGCM may be more common than is generally recognized.
In In our study, 4 cases of aGCM were referred to us from 3 institutions where microscopic evaluation of all surgically resected atrial appendages is performed per institutional policy. At these institutions, a total of 315 atrial appendages were evaluated over time periods ranging from 2 to 12.5 years, corresponding to an overall frequency of 1.3% and individual institutional frequencies ranging from 0.7% to 4.0% (Onsi W. Kamel, MD, personal communication).
Although these frequencies are variable, in some cases they appear to be greater than figures previously reported, suggesting that aGCM may be more common than previously recognized.
Larger studies will be required to define the true incidence of this uncommon disorder, and institutional policies mandating routine histopathologic examination of surgically resected atrial 
Etiology and Pathogenesis
Like vGCM, aGCM appears to be associated with autoimmune disorders. As in previously reported cases 14, 16, 18 , we confirmed an association with rheumatic valve disease in some patients, suggesting related pathogenetic (possibly immune) mechanisms. It has long been recognized that granulomatous inflammation may be seen in atrial appendages excised from patients undergoing mitral valve replacement for rheumatic mitral stenosis 21 . In such cases, the inflammatory process is characterized by discreet Aschoff nodules containing Anitschkow cells and occasional Aschoff giant cells, in a multifocal and predominantly endocardial or perivascular distribution, without significant cardiomyocyte necrosis, consistent with a chronic smouldering rheumatic inflammatory process. This pattern is distinctly different from the infiltrates seen in our cases of aGCM, which are much more dramatic and diffuse, with abundant giant cells and extensive cardiomyocyte necrosis. In addition, not all cases of aGCM are associated with rheumatic valve disease, suggesting that aGCM is not simply a variant of classical rheumatic heart disease but is, in fact, a distinct entity.
The pathogenesis of aGCM is currently unknown, although the distinctive, apparent localization of the inflammatory process to the atria suggests that atrium-specific auto-antigens may be involved. It is well-recognized that differential gene expression occurs in atrial and ventricular cardiomyocytes. This contributes to the distinct functional differences between these two anatomic chambers, including atrium-specific expression of transcription factors (e.g. hairyrelated transcription factor 1), structural proteins (e.g. atrial myosin light chain 2), ion channels and ion channel regulators (e.g. connexin 40, voltage-activated K + channel Kv1.5, inward rectifying K + channel Kir3.1, sarcolipin), and secreted hormones (e.g. atrial natriuretic peptide) 22, distribution, without significant cardiomyocyte necrosis, consistent with a chroni ni ic c sm sm s ou ou o ld ld lder er eri in ing g heumatic inflammatory process. This pattern is distinctly different from the infiltrates seen in ou ur r r ca ca cas se ses s of of of a a aGC C CM M, M, which are much more drama ma mat tic c c and diffuse, w w with ab ab abu u undant giant cells and ex xte e ens n ive card dio iomy m myoc ocyt yte e e ne ne necr cr cro os osis is s. . . I I In n ad ad dditi i ion n n, no o ot t all c ca ase ses of of a a aGC GCM M ar r re e a as ass so soci ciat at a ed ed ed w w wit t th h h h heu eu euma ma mati tic c va va val lv lve e di di ise seas ase, e, , s sug ugge ge g st st stin in ing g g th th hat at at a a aG GC GCM M M is is s n n not ot sim im impl p ply y y a a a v va vari ri rian an a t t t o of f c cla la lass ss sic ica al al r r rhe heum um umat ati ic c heart disease e bu bu but t is is is, , in in n f f fac a a t, t, t, a a a d dis is sti ti tinc nc ct t t en en nti ti ity ty ty. .
That an autoimmune process could show preference for one type of cardiomyocyte over another is not surprising, as tissue-and antigen-specific autoimmune reactions are the rule in connective tissue and autoimmune disorders. Additional studies will be necessary to determine which antigens, if any, are mechanistically significant in the pathogenesis of aGCM.
Histopathologic Differential Diagnosis
The cases reported herein each demonstrate a marked atrial myocardial infiltrate of T lymphocytes with abundant giant cells and associated cardiomyocyte necrosis. This pattern is similar to that which is seen in vGCM, although some differences were also seen. Poorly formed granulomas were identified in 4 of 6 cases and vasculitis was present in a single case, both of which are not part of the histologic spectrum of vGCM. As with vGCM, the differential diagnosis of aGCM includes both infectious and non-infectious entities which should be excluded before rendering this diagnosis.
Infectious myocarditis may present with granulomatous inflammation and giant cells, particularly in the setting of fungal or mycobacterial infection. Although rare, cases of tuberculous myocarditis 24 and fungal myocarditis 25 have been reported and often occur in immunocompromised patients. In all of our cases, acid fast and silver stains failed to reveal microorganisms. Although this does not completely exclude the possibility of infection, neither caseation nor heavy neutrophilic infiltrates were seen, making an infectious etiology unlikely.
Cardiac sarcoidosis shares some features with GCM, including the presence of giant cells, although distinction between the two can usually be readily made. Black race, syncope, and atrioventricular block are more commonly seen in sarcoidosis than in GCM, and heart failure is more commonly seen in GCM than in sarcoidosis 26 . Histologically, granulomas within the generally not a prominent feature of sarcoidosis, unlike in GCM, and eosinophils are not usually prominent 26 . All of our patients were Caucasian (white), and their histologic features were more similar to GCM than sarcoidosis, thus supporting a diagnosis of aGCM. Although granulomas were present in 4 cases, these were small and poorly formed with extensive associated cardiomyocyte necrosis in each case, making a diagnosis of cardiac sarcoidosis unlikely.
Granulomatosis with polyangiitis (GPA, formerly known as Wegener granulomatosis) may occasionally involve the heart, and show variable histologic findings including necrotizing vasculitis, granulomas, and/or giant cells 27, 28 . Granulomas were present in 3 of the present cases but were non-necrotizing, unlike those of GPA, and geographic necrosis was not identified. In a single case, vasculitis was present but was focal and non-necrotizing, unlike the vasculitic lesions of GPA. In all cases, the findings were consistent with GCM and not typical for GPA, but difficult cases may require serum studies for antinuclear cytoplasmic antibodies to distinguish these entities.
Conclusion
We believe atrial GCM represents a distinct clinicopathologic entity with a more favorable prognosis than classic idiopathic ventricular GCM. This disorder should be included in the differential diagnosis of atrial dilatation, particularly when associated with atrial wall thickening and edema. Cardiac imaging findings are distinctive and should prompt consideration of this entity. Most cases of atrial GCM behave in a relatively indolent fashion, although some cases may be symptomatic. The therapeutic utility of immunosuppressive agents for this condition remains unknown.
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